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Abstract
The scintillation light output response of stilbene crystals has been measured for
protons recoiling along the a, b, and c’ crystalline axes with energies between 1.3
and 10 MeV using neutrons produced with the tandem Van de Graaff accelera-
tor at Triangle Universities Nuclear Laboratory. The proton recoil energy and
direction were measured using the coincident detection of neutrons between a
stilbene scintillator and an array of EJ-309 liquid scintillators spanning arranged
neutron recoil angles. The maximum light output was found to coincide with
proton recoils along the a-axis, in disagreement with other published measure-
ments, which reported the b-axis as the direction of the maximum light output.
Additional measurements were conducted using two different stilbene crystals
to confirm these results: a second measurement using the coincident detection
of neutrons; measurements of neutron full energy deposition events along the
a and b axes; and measurements of the count rate for 252Cf neutrons traveling
along the a and b axes directions. All measurements found that recoils along
the a-axis produce the maximum light output.
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1. Introduction
The crystalline organic scintillator trans-stilbene (hereafter referred to as
stilbene) has attracted renewed interest for radiation detection applications [1–
3] due to the recent development of a solution-based growth method that en-
ables the fabrication of large monocrystals with excellent neutron-gamma pulse
shape discrimination (PSD) and high light output [4–6]. Stilbene, like many
crystalline organic scintillators, exhibits an anisotropic scintillation response to
heavy charged particles; the response is dependent on the charged particle tra-
jectory with respect to the crystalline axis. The light output response has been
measured by several authors for a limited number of recoil directions in stil-
bene crystals [7–12] and across a full hemisphere [13]. The following is a brief
summary of the measurements of interest to this paper.
The first measurement of the anisotropic response of stilbene was reported
in [7]. The authors determined the crystal orientation using a polarization
microscope and reported that the response to 6.93 MeV α particles was at a
maximum when traveling along the b-axis, a minimum along the c’ -axis, and a
value between the two extrema along the a-axis. A follow-up measurement in [9]
reported the ratio of the maximum and minimum response for proton recoils at 8
and 22 MeV. The authors did not report any knowledge of the orientation of the
crystalline axes or how the directions of the maximum and minimum response
were determined. The results reported in [13] measured proton recoils at 2.5
MeV and 14.1 MeV over a full hemisphere for four stilbene crystals, where two
of the crystals had labeled crystalline axes and two did not. The measurements
were reported to be in agreement with [7] with the maximum response for proton
recoils along the crystalline b-axis and the minimum response for recoils along
the c’ -axis. The results from [9] and [13] also show that the magnitude of the
response anisotropy decreases as proton recoil energy increases.
While performing measurements of the scintillation response anisotropy of
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stilbene crystals over a full hemisphere at 11 distinct recoil proton energies
between 560 keV and 10 MeV, we found a disagreement between our measure-
ments and reports in the literature regarding the direction of the maximum light
output. This paper presents a subset of our measurements of the scintillation
response anisotropy for proton recoils in stilbene, focusing on the light output
for recoils along the a, b, and c’ axes directions. Five stilbene crystals were
measured, four grown by Inrad Optics and one grown at Lawrence Livermore
National Laboratory (LLNL). The LLNL crystal was previously measured in
[13] where it was denoted as sample “Stilbene Cubic A”. The measurements
in this paper include the following: (1) measurements of proton recoils between
1.3 and 10 MeV along the a, b, and c’ crystalline axes using scatter kinematics
with an 11.3 MeV neutron beam; (2) measurements of proton recoils along the a
and b axes at 2.0 and 2.8 MeV using scatter kinematics with a 4.8 MeV neutron
beam; (3) measurements of full energy deposition events along the a and b axes
using a 4.8 MeV neutron beam; and (4) measurements of the count rate for
252Cf neutrons traveling in the direction of the a and b axes. Measurements (1)
- (3) were performed at the Triangle Universities Nuclear Laboratory (TUNL)
using the tandem Van de Graaff accelerator, and measurement (4) was per-
formed at North Carolina State University. All of the measurements indicated
the a-axis as the direction of the maximum light output for proton recoils — in
disagreement with previous literature.
2. Stilbene structure and axes identification
The only measurement in the literature of the stilbene light output to also
report the methods used for the crystalline axes identification is [7]. The proper
determination and labeling of the crystalline axes was necessary for the mea-
surements presented in this work. The following describes the methods used by
Inrad Optics for stilbene growth and axes identification. It is assumed that the
LLNL crystal’s axes were identified using similar methods.
The stilbene crystals were grown from solution [14] as single crystals with no
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Figure 1: Orientation of the stilbene cubes from Inrad Optics.
visible inclusions or defects. Stilbene crystallizes in the monoclinic system, with
a structure first described in [15] and refined in [16–18]. The space group and
lattice constants in [17] were used as they are consistent with earlier reports
of anisotropic behavior in organic scintillators [7]: space group P21/a, a =
12.382 A˚, b = 5.720 A˚, c’ = 15.936 A˚, and β = 114.15◦. Note that a in the
representation reported in [16] is not equivalent to the others due to the use of
a different space group.
Solution-grown stilbene boules exhibit two sets of broad natural faces which
were identified as (2¯03) and (001) by x-ray diffraction; these planes can be
quickly differentiated visually due to the much larger birefringence through (2¯03)
relative to (001). (010) is orthogonal to the broad natural faces and was con-
firmed by x-ray diffraction. The stilbene cubes had faces cut parallel to (010)
and (001). The third set of cube faces is denoted as a* and the direction normal
to (001) is identified as c’ (refer to Figure 1 for an illustration of the face and
axis labeling).
Additional defining characteristics were used to confirm the orientation of
the stilbene cubes. Stilbene cleaves along the (001) a-b plane, normal to c’.
Stilbene is optically biaxial, with three indices of refraction and two optic axes
which together define an optic plane; the cube faces can be quickly verified by
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examination between crossed polarizers. Extinctions for (010) faces occur at
a small angle from the cube edges, since the optic plane is parallel to b and
rotated away from (001) by approximately 5◦. Looking down b reveals strong
colors on a* faces. The final set of faces (001) yield extinctions symmetric with
the cube edges.
3. Experiment setup at Triangle Universities Nuclear Laboratory
The measurements at TUNL were performed using quasi-monoenergetic neu-
tron beams produced with the tandem Van de Graaff accelerator. Deuterons
were accelerated toward a deuterium gas cell to produce neutrons via the D(d,n)3He
reaction. The experiment setup is shown in Figure 2. The measurement relies
on the coincident detection of a neutron event in the stilbene detector and one
of the 5.08 cm diameter x 5.08 cm long EJ-309 backing detectors, which were
aligned at selected angles with respect to the stilbene detector. The proton
recoil energy in the stilbene detector was calculated using:
Ep = En sin
2 θn (1)
where Ep is the proton recoil energy, En is the incident neutron energy, and
θn is the scatter angle of the neutron. The direction of the proton recoil in
the stilbene crystal was also determined kinematically, because θp + θn = 90
◦,
where θp is the scatter angle of the proton. The uncertainty in θp for a single n-p
scatter event was dominated by the size of the 5.08 x 5.08 cm EJ-309 backing
detectors which were positioned at a nominal distance of 60 cm from the stilbene
detector; it was < 4◦. The uncertainty on Ep for a single n-p scatter event was
dominated by the energy spread of the quasi-monoenergetic neutron beam and
the finite size of the EJ-309 backing detectors; it was 500 keV.
3.1. Detectors and data acquisition
Details of the five stilbene crystals are given in Table 1. The crystals grown
by Inrad Optics were provided with the axes marked as shown in Figure 3. The
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Figure 2: (a) Coincident scatter measurement setup at TUNL and (b) a sketch of the setup.
Neutrons elastically scatter off protons in the stilbene and continue to the EJ-309 liquid
scintillator backing detectors. The directions and energies of proton recoils in the stilbene are
calculated using the incident neutron energy and the neutron scatter angle (θn) between the
stilbene and a backing detector.
LLNL crystal was provided with the a and b axes marked. Crystals 1-3 were
mounted to three Hamamatsu R7111 28 mm photomultiplier tubes (PMTs),
and crystals 4 and 5 were mounted to Electron Tube 9134SB 29 mm PMTs.
Each crystal was mounted to a PMT such that proton recoils in the a-b, a-c’,
or b-c’ plane could be measured.
Table 1: Stilbene crystal details. “Recoil plane” refers to the crystalline plane in which proton
recoil trajectories were measured for a specific crystal.
Make Volume (cc) Recoil plane Number
Inrad 1.00
a-c’ 1
b-c’ 2
a-b 3
a-b 4
LLNL 6.86 a-b 5
The stilbene detectors were enclosed in light-tight housings, and the PMTs
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Figure 3: Stilbene crystal in aluminum housing with marked axes (note that [010] is equivalent
to the b-axis direction). The 1 cc cubic stilbene samples were each enclosed in a cylindrical
aluminum housing with a fused silica window. The region between the stilbene crystal and
the aluminum housing was filled TiO2 powder which served as a diffuse reflector, and the
crystal was coupled to the silica window with optical-grade silicone grease.
were covered with a cylindrical piece of mu-metal. The assembled stilbene
detectors were mounted to a 360◦ rotational table as shown in Figure 4. The
crystals were rotated to measure proton recoils along specific trajectories with
respect to the crystalline lattice using the backing detectors set at fixed angles.
The 12 backing detectors were mounted to an aluminum frame, positioned with
6 detectors left of the neutron beam with respect to the flight path of the
neutrons (i.e. beam left) and 6 detectors to the right of the beam (i.e. beam
right). The detectors were placed at 20◦, 30◦, 40◦, 50◦, 60◦, and 70◦ relative
to the neutron beam direction. Calibrations were performed using 137Cs at the
beginning and end of the measurements for each stilbene detector. Detector
pulses were recorded using a Struck SIS3316 digitizer.
3.2. Plastic scintillator measurements
Directional measurements of a plastic scintillator were performed to confirm
that the response anisotropy is due to effects within the crystalline stilbene
detector and not effects from the measurement system. Plastic scintillators
do not exhibit directional dependence, as demonstrated in [13], and thus, the
absence of light output anisotropy in a plastic sample provides confirmation
that the measurement system is not the source of the anisotropy. A 1 cc EJ-228
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Figure 4: Detector mounted to rotational stage.
plastic scintillator mounted to an Electron Tube 9134SB PMT was characterized
using the coincident scatter measurement apparatus. A similar method as in [13]
was used, where the observed standard deviation (σobs) for measurements at a
given energy was compared to the average statistical uncertainty (σstat) of those
measurements. The measurements were performed with an 11.3 MeV neutron
beam, and the plastic was rotated through 170◦ in 10◦ increments resulting
in the measurement of 18 proton recoil directions for 6 proton recoil energies
between 1.3 and 10 MeV. The relative uncertainties (σobs/µ and σstat/µ) were
calculated for each proton recoil energy. The 1.3 MeV proton recoils showed
the poorest agreement between σobs/µ and σstat/µ with σobs/µ = 0.0127 and
σstat/µ = 0.0095. The difference between these values is 0.0032 or 0.32%. This
is significantly less than the 5% to 30% difference expected for the stilbene light
output, and shows that the light output anisotropy characterized in the stilbene
measurements is not caused by an external effect of the measurement system,
but rather is due entirely to the light emission within the stilbene crystal.
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(a) θrot = 0
◦
(b) θrot = 40
◦
Figure 5: Overhead view of the stilbene rotation for the c’ -vertical crystal orientation (proton
recoils in the a-b plane) illustrating the positions of the 50◦ beam left and 40◦ beam right
EJ-309 backing detectors (not to scale). θrot is the angle of the rotation stage relative to the
direction of the neutron beam. The marking on the b-axis was aligned to the neutron beam
and was defined as θrot = 0◦, shown in (a). (b) shows the crystal when rotated clock-wise
40◦ with the b-axis pointing at the 40◦ beam right backing detector and the a-axis pointing
at the 50◦ beam left detector. Following the relationship θp + θn = 90◦, neutron scatters into
the 40◦ detector correspond to proton recoils along the a-axis while neutron scatters into the
50◦ detector correspond to proton recoils along the b-axis.
4. Quasi-monoenergetic neutron beam measurements
4.1. 11.3 MeV neutron beam
An 11.3 MeV neutron beam was used to individually characterize crystals 1-3
for recoil protons traveling in a fixed plane (a-c’ plane, b-c’ plane, and a-b plane)
with the setup in Figure 2. Each crystal was mounted to the rotational stage
and oriented with either the a, b, or c’ -axis in line with the beam left 70◦ backing
detector. The crystals were rotated from the beam left 70◦ backing detector to
the beam right 70◦ backing detector in 10◦ increments so that neutron scatter
events measured in complimentary backing detectors corresponded to proton
recoils along either the a, b, or c’ -axis. Proton recoils along two of the major
axes were measured at each rotation angle using beam left and beam right
backing detectors as shown in Figure 5.
The mean light output for proton recoils was calculated by localizing events
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Figure 6: Light output plotted against time-of-flight (TOF) for events recorded in the stilbene
detector in coincidence with the 30◦ EJ-309 backing detector. The cluster in the black box
corresponds to single n-p scatter events with an energy of 2.8 MeV. The cluster at lower light
output is due to breakup neutrons from the D(d,n+p) reaction.
from single n-p scatters, as shown in Figure 6. The n-p scatter events were iden-
tified by examining the light output versus the time-of-flight for a neutron that
scattered in the stilbene and then into a backing detector. The selected events
were then projected onto the light output axis so that the mean light output and
its uncertainty could be determined. The mean light output was measured for
proton recoils at 1.3, 2.8, 4.7, 6.6, 8.5, and 10.0 MeV (corresponding to neutron
scatters into the 20◦, 30◦, 40◦, 50◦, 60◦, and 70◦ backing detectors, respectively)
in each of the 3 crystals for proton recoil directions along the a, b, or c’ -axis.
The ratios of the maximum to minimum light output in each plane were
calculated and are shown in Figure 7. The maximum light output was produced
by proton recoils traveling along the a-axis. Note that the ratios in the a-c’ plane
are greater than the ratios in the b-c’ plane, and the ratios measured in the a-b
plane are all greater than 1. The measurements for all three crystals indicate
that the maximum light output is for recoils along the a-axis. The expected
trend from the literature of decreasing anisotropy with increasing energy is also
seen in the ratios for the a-c’ plane and the b-c’ plane, which have a maximum
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Figure 7: Ratios of the maximum light output recorded in a plane to the minimum light
output recorded in that plane. Li is the light output for recoil protons traveling along the
i-axis.
at 1.3 MeV and a minimum at 10 MeV, while the ratio for the a-b plane is
nearly constant.
4.2. 4.8 MeV neutron beam
Two additional measurements were made at TUNL with the neutron beam
energy at 4.8 MeV using crystals 4 and 5 from Table 1 (hereafter referred to as
the Inrad crystal and the LLNL crystal, respectively) oriented for measurements
in the a-b plane. The first measurement was performed using the same method
as the coincident scatter measurement described in section 4.1. The second
measurement was performed by measuring full energy deposition events along
the a and b axes.
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4.2.1. Coincident scatter measurement
The coincident scatter measurement setup shown in Figure 2 was used to
measure proton recoils in the Inrad and LLNL crystals resulting from neutron
scatters into the 40◦ and 50◦ backing detectors with 4.8 MeV incident neutrons.
The 40◦ and 50◦ backing detectors were chosen due to the higher count rate
for scatters in those directions. Neutron scatters into the 40◦ backing detector
correspond to proton recoils at 2.0 MeV; neutron scatters into the 50◦ backing
detectors correspond to proton recoils at 2.8 MeV. The crystals were rotated
such that proton recoils were directed down the a and b axes for neutron scatters
into the beam left and beam right 40◦ and 50◦ backing detectors. The results
are shown in Table 2, and they agree with the conclusion that proton recoils
along the a-axis produce more light than those along the b-axis. It should also
be noted that the measured light output is statistically identical between the
Inrad and LLNL crystals for the same recoil energy and recoil axis.
Table 2: Proton recoil light output for neutron scatters at 40◦ (2.0 MeV) and 50◦ (2.8 MeV)
with statistical uncertainties.
Recoil Energy Crystal Recoil Axis L (MeVee) La/Lb
2.0 MeV
Inrad
a 0.551± 0.010
1.056± 0.034
b 0.522± 0.014
LLNL
a 0.560± 0.009
1.057± 0.023
b 0.530± 0.008
2.8 MeV
Inrad
a 0.930± 0.011
1.059± 0.017
b 0.878± 0.009
LLNL
a 0.923± 0.008
1.048± 0.013
b 0.881± 0.008
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4.2.2. Full energy deposition measurements
Full energy deposition events along the a and b axes of the Inrad and LLNL
crystals were measured at TUNL using a 4.8 MeV neutron beam. The mea-
surements were performed by placing the crystals with the a and then the b
axes in the direction of the neutron beam. Gamma events were removed in
post-processing using a standard charge-integration PSD technique. All proton
recoil events in the stilbene detectors were recorded, and recoils along the for-
ward direction (full energy deposition scatter events) were identified by fitting
the pulse integral spectrum. Using the same method described in [13], the full
energy deposition edge was determined by fitting the measured spectrum to a
sloped distribution with a hard cutoff convoluted with a Gaussian resolution
function, resulting in the fit function:
f(L) =
mL+ b
2
[
1− erf
(
L− Lˆ
σ
√
2
)]
− mσ√
2pi
e
−(L−Lˆ)2
2σ2 (2)
where m and b are the slope parameters, Lˆ is the edge location, and σ is the
light output resolution.
The calculated edge positions are given in Table 3. Again, the results for
both crystals show that the proton recoils along the a-axis produce more light
than along the b-axis. Examples of measured spectra and the fits are shown
in Figure 8. The difference in the calculated edge positions between the Inrad
and LLNL crystal is due to multiple scatter events in the much larger LLNL
crystal. Neutrons in larger volume scintillators have a higher probability for
multiple scatters. Due to the nonlinear, concave-up relationship between light
output and energy, it is impossible for a multiple scatter event to produce as
much light as a full energy deposition single scatter. This results in a larger
number of lower light output events near the full energy deposition edge and a
corresponding decrease in the fitted edge position. This effect only influences the
calculation of the full energy deposition edge; it does not occur in the coincident
scatter measurements. Multiple scatter events are mostly discriminated out in
the coincident scatter measurements due to the differences in total light output
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Figure 8: 4.8 MeV neutron spectra with fits for proton recoils along the a-axis in the Inrad
and LLNL crystals. The black dashed line is the calculated edge location (Lˆ).
and the time-of-flight for multiple scatter events compared to single scatter
events.
Table 3: 4.8 MeV full energy deposition calculated edge positions with the statistical uncer-
tainties of the fits.
Crystal Axis Lˆ (MeVee) Lˆa/Lˆb
Inrad
a 2.024± 0.009
1.038± 0.006
b 1.950± 0.007
LLNL
a 1.933± 0.008
1.038± 0.006
b 1.862± 0.007
5. 252Cf measurements
A 252Cf neutron source provides another, simple way to measure the light
output anisotropy in the stilbene crystals. The recoil direction resulting in the
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maximum light output will also have the maximum recorded count rate if the
threshold and distance from the source are fixed. Proton recoils with energies
near the threshold, traveling near the direction of the maximum light output
will produce enough scintillation photons to be recorded as an event, while
recoils along other directions will not, resulting in a higher count rate along the
direction of the maximum light output. It should be noted that the protons
in these measurements do not recoil strictly along the a and b axes directions
as in the other measurements in this work. The proton recoil directions were
partially directed by setting the threshold of the detectors to 1.0 MeVee, which
corresponds to a recoil proton energy of approximately 3 MeV. A sketch of this
is shown in Figure 9. The 1.0 MeVee threshold restricted the detected proton
recoils to a cone about the axis that is colinear with the source-detector axis or
“in-line” with the source (e.g the b-axis is in-line with the source in Figure 9).
The angle of the cone is dependent on the incident neutron energy and direction.
The measurements were performed by placing a 252Cf source at a fixed dis-
tance from the Inrad and LLNL stilbene crystals with the b-axis in-line with the
source such that protons would recoil in a direction within a cone about b-axis.
The count rate was recorded. The crystals were then rotated 90◦ such that the
a-axis was in-line with the source and proton recoils were directed within a cone
about the a-axis, and the count rate was again recorded. A standard charge-
integration PSD technique was applied in post-processing to separate neutron
and gamma events. The gamma count was used to normalize the neutron count
for comparison between measurements, since gamma interactions in crystalline
organic scintillators do not exhibit scintillation anisotropy [19].
The ratios of the count rates when the a-axis was in-line with the source
(recoils in the direction of the a-axis) to when the b-axis was in-line with the
source (recoils in the direction of the b-axis) are shown in Table 4. The count
rate ratios were greater than 1 for both crystals. These results confirm that
recoils along the a-axis correspond to the direction of the maximum light output,
in agreement with section 4 and in disagreement with previous results in the
literature.
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Figure 9: Sketch of the 252Cf measurement setup. The blue shaded areas represent possible
neutron scatter directions and the red shaded area represents possible proton recoil directions.
The threshold, energy of the incident neutron, and direction of the incident neutron determine
possible scatter directions (area of shaded regions). The shaded areas of this sketch are for
the specific case of a neutron with energy slightly greater than threshold (approximately 3
MeV) and traveling along the b-axis.
6. Comparison of the magnitude of change in light output
With the a-axis established as the direction of the maximum light output for
proton recoil events, the light output ratios for recoils in the a-c’ plane (circles
in Figure 7) can be compared with the magnitude of change in the light output
measured in [9] and [13]. The results in [13] define the magnitude of change of
the light output as the ratio of the maximum to the minimum light output for
a crystal:
AL =
Lˆmax
Lˆmin
(3)
Figure 10 shows the light output ratio for recoils along the a-axis and c’ -axis
plotted with the ratios of maximum to minimum light output measured in [9]
and [13]. The ratios from this work are lower than those previously reported.
One potential cause of this effect is that these measurements were performed
using the R7111 PMTs which were partially saturating for proton recoils above
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Table 4: 252Cf count rate ratios. Na/Nb is the ratio of the number of events recorded when
the a-axis was in-line with the source to the number of events recorded when the b-axis was
in-line with the source.
Crystal Na/Nb
Inrad 1.043± 0.014
LLNL 1.051± 0.008
Figure 10: Magnitude of change in the light output response vs energy as reported in [9], [13],
and this work. The data points from [13] were calculated by averaging the reported ratios for
three solution grown stilbene crystals.
3 MeV. The saturation becomes more pronounced as the proton recoil energy
increases resulting in a decreased ratio because the effect is larger for recoils
along the direction of the maximum response than other recoil directions. Also
note that the coincident scatter technique used in this work is more accurate
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than the edge fitting technique, particularly at lower energies where the full
energy deposition edge has poorer resolution. As noted in [13], changes in the
binning or the fitted light output range result in significant changes in the fitted
edge position.
7. Discussion of disagreement with previous literature
The conclusion that the a-axis is the direction of the maximum light out-
put is in disagreement with several authors [7, 9, 13], as discussed previously.
Subsequent to the completion of the measurements presented in this paper, the
results reported in [13] were reviewed by the author who is a co-author of this
paper. It was determined that an error was made in the labeling of the a and
b axes that resulted in the axes being swapped. It has been concluded that the
a-axis is the direction of maximum light output measured in [13], and that the
measurements are in agreement with the results of this paper.
The measurements reported in [9], while of some use for comparison, should
not be considered precise due to the omission of uncertainties on the measure-
ments and the absence of an explanation of the method used to determine the
maximum and minimum directions of the light output. In addition, the crys-
talline axis orientation unknown, and the maximum and minimum light output
directions reported in [7] were assumed correct without independent validation.
Based on the information provided in [9], it is possible that the AL values re-
ported for stilbene were the ratios of the response for recoils along the a and c’
axes.
The measurements reported in [7] were the first to show the b-axis as the
direction of the maximum light output, but were performed with α particles
unlike the other measurements discussed in this paper. The crystalline axis
orientation was determined using a polarization microscope, making it unlikely
that the axes were incorrectly identified. Differences in the direction of the
maximum anisotropy for protons and α particles may be a real effect, and further
research into the effect of the stopping power on the anisotropic response could
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be of interest. It is also possible that the measurements were influenced by the
polycrystalline nature of early melt-grown stilbene samples. A polycrystalline
stilbene sample was measured in [8], and the direction of the maximum light
output was reported to nearly coincide with the c-axis. This displays the large
affect poorly grown samples had on scintillation measurements.
8. Conclusion
Measurements of the light output anisotropy for proton recoils in stilbene
were conducted for recoils traveling along the a, b, and c’ axes, and we have
concluded, contrary to previous literature, that the direction of the maximum
light output for proton recoils in stilbene is along the a-axis. The c’ -axis was
confirmed as the direction of the minimum light output, in agreement with pre-
vious publications. The measurements were in agreement across five different
stilbene crystals including four grown by Inrad Optics and one grown by LLNL.
The 252Cf measurement provides a simple method for measuring the directional
response anisotropy without the need for an accelerator or neutron generator
and can be used to quickly determine the crystalline orientation. This work
contains preliminary results of the scintillation response characterization of stil-
bene crystals over a full hemisphere. Future work will include full hemisphere
characterizations with over 100 proton recoil directions at 11 distinct energies
leading to a full characterization of the stilbene scintillation response as a func-
tion of the proton recoil energy and scatter direction between 560 keV and 10
MeV.
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